Abstract. The dynamical conductivity of a quantum-wire array with small fluctuations in the period, height, and direction is calculated in the self-consistent Born approximation. The presence of a pseudo-band-structure manifests itself in interband optical transitions as long as the disorder is sufficiently small, although the intensity is reduced considerably. With the increase in the disorder, this band structure is smeared out completely.
A GaAs/AlAs superlattice grown on a (775)B GaAs substrate has a periodic interface corrugation of a zigzag shape illustrated in Fig. 1 and can be regarded as a high density quantum-wire array [1] . In transport experiments a huge anisotropic mobility was observed [2, 3] . In such systems, the zigzag structure has a certain amount of fluctuations in its period, modulation height, etc. In this case, the resulting effective potential becomes flat to the lowest order because of averaging and therefore the band structure is destroyed completely. Intuitively, however, electrons are expected to possess a band structure locally as long as the disorder remains small. In this paper, we explore how this pseudo-band-structure formation is restored in disordered quantum-wire arrays through calculations of the dynamical conductivity.
The key ingredient lies in the presence of strong diffuse Bragg scattering in the vicinity of the zone boundary because of a broadened Bragg peak present in the correlation function of the corrugation. It has been shown that this diffuse Bragg scattering constitutes the major origin of the large anisotropic mobility observed experimentally [4, 5] . As long as the disorder remains small, however, a pseudo-band-gap has been shown to exist and manifest itself in the density of states, the spectral function, and the static conductivity [6, 7] .
An interface corrugation Δ(r) causes an effective potential
where F eff is the effective field at the interface. The validity of this approximation was demonstrated by selfconsistent calculations [8] . The strength of periodic potential is characterized by the gap at the first zone boundary ε G as illustrated in Fig. 1 . In the following we shall assume ε G /ε 0 = 0.2 where ε 0 = (h 2 /2m * )(π/a) 2 is the energy at the boundary with a being the corrugation period and m * being the effective mass.
In the presence of fluctuations in the period, height, and direction of the quantum-wire array, the sample average Δ(r) vanishes and therefore the corrugation is characterized by the correlation function
The correlation function was calculated previously and its approximate but analytic expression was obtained [4] . It is characterized by four parameters, (i) α characterizing fluctuations of the corrugation period, (ii) ∇ξ fluctuations of the local quantum-wire direction, (iii) Δ 0 fluctuations of the height of the corrugation averaged locally, and (iv) λ correlation length of fluctuations of the height of the corrugation in the quantum-wire direction. In addition to this disorder, we shall assume impurities with a model short-range potential
The strength of impurities is characterized by the mean free path l = v 0 τ 0 with the velocity at zone boundary v 0 = πh/m * a and relaxation time τ 0 given byh/2τ 0 = n i u 2 i m * /2h 2 , where n i is the impurity concentration. We use Green's function technique to calculate the retarded and advanced Green's function in a self-consistent Born approximation. We calculate the dynamical conductivity using the Kubo formula and taking into account vertex corrections in the ladder approximation consistent with the self-consistent Born approximation. Because of the strong anisotropy in the diffuse Bragg scattering, the self-consistency equation for the Green's function and the self-energy can be solved only numerically and the same is applicable to the Bethe-Salpeter equation for the vertex part. We solve also the Boltzmann transport equation exactly to calculate the dynamical conductivity. Through the comparison between the Boltzmann conductivity without interband transitions and the Kubo conductivity, we can extract the contribution due to interband optical transitions. Figure 2 shows some examples of calculated Kubo conductivity σ K xx (ω) perpendicular to the quantum-wire direction and the Boltzmann conductivity σ B xx (ω). The Fermi energy is chosen at ε F = ε 0 . For α/a = 0.06 for which the disorder in the periodic corrugation is small, σ K xx (ω) exhibits a broad peak structure at abouthω/ε 0 = 0.2 corresponding to the band gap and therefore is larger than σ B xx (ω). This feature decreases and vanishes with the increase of the disorder in the corrugation.
In Fig. 3 the results for α/a = 0.06 are compared also with σ B xx (ω) added by the interband conductivity of an ideal superlattice with short-range scatterers character- ized by l/a = 16 and 4. This result shows that the intensity of interband transitions is reduced considerably in the superlattice with disorder in corrugation, corresponding to the destruction of the band structure. In summary, the dynamical conductivity of a quantumwire array with small fluctuations in the period, height, and direction has been calculated in the self-consistent Born approximation. The presence of a pseudo-bandstructure manifests itself in interband optical transitions as long as the disorder is sufficiently small, although the intensity is reduced considerably. With the increase in the disorder, this band structure is smeared out completely.
